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(233/∀(8%,#.%∋)826#+/∋876#%6+#:26+26#)%∋#%#∀/ΓΝ&%&826#.2∀#.2∋&/∀867#&)/#32∋&#(∀/%&8>/#.%∋)826#+/∋876/∀∋9#32∋&#
∀/(/6&,−# /ϑ/3Γ,8.8/+# Ο−# &)/# ∋Ν((/∋∋# 2.# &)/# 6/Σ,−# ,%Ν6()/+# .%∋)826#Σ//Ρ# .2∀#3/6∋Σ/%∀Η# :26+26# ;2,,/(&826∋#
5/6Φ##
1)/#7,2Ο%,8_%&826#2.#&)/#.%∋)826# 86+Ν∋&∀−#)%∋# ,/+#&2#[/∋&/∀6#Γ∀%(&8(/∋#%6+#(∀8&/∀8%#Ο/867#/ϑΓ2∀&/+#&2#









&2# &)/# +/(,%∀/+# (%Γ8&%,# 2.# .%∋)826Φ# 1)/# /ϑ)8Ο8&826# /ϑΓ,2∀/∋# )2Σ# />/∀# ∋86(/# &)/# β67,8∋)3%6#;)%∀,/∋# <∀/+/∀8(Ρ#
[2∀&)#,%Ν6()/+#)8∋#.%∋)826#)2Ν∋/#86#686/&//6&)#(/6&Ν∀−#Ε%∀8∋9#%6+#/∋&%Ο,8∋)/+#Σ)%&#Σ/#62Σ#Ν6+/∀∋&%6+#%∋#&)/#





ο[)−# Θ∋6Υ&# &)/#[2∀,+Υ∋#<%∋)826#;%Γ8&%,#Ε∀2+Ν(867#52∀/#<%∋)826#∴Ν∋86/∋∋/∋ηµ# Ξ∴2<9#ΑΒΧΑΨΦ#1)/#%Ν&)2∀∋#%∀7Ν/#
&)%&# &)/# <∀/6()# %ΓΓ∀2%()# &2# .%∋)826# /+Ν(%&826# .2(Ν∋/∋# 32∀/# ∋&∀267,−# 26# ∋Ρ8,,∋0Ο%∋/+# ,/%∀6867# ∀%&)/∀# &)%6#
/ϑΓ/∀83/6&%&826# %6+# &)Ν∋# 86)8Ο8&∋# &)/# +/>/,2Γ3/6&# 2.# 86+8>8+Ν%,# (∀/%&8>8&−# %6+# %# Γ/∀∋26%,# +/∋876# %/∋&)/&8(Φ#
1)8∋#3%−#Ο/#+Ν/#&2#&)/#.%(&#&)%&#0%∋#&)/#(/6&∀/#2.#)%Ν&/#(2Ν&Ν∀/0#&)/#Ε%∀8∋8/6#.%∋)826#∋−∋&/3#8∋#Ο2Ν6+#Ο−#∋&∀8(&#
∀/7Ν,%&826∋# Ο%∋/+# 26# %6# %&/,8/∀# ∋−∋&/3# Σ8&)86# Σ)8()# &)/∀/# %∀/# /∋&%Ο,8∋)/+# Γ∀%(&8(/∋# %6+# +8∋&86(&8>/#






;∀/%&8>8&−# ∀/∋/%∀()/∀∋# ∋Ν()# %∋# ;∋8Ρ∋_/6&38)%,−8# ΞΧκκκΨ# %6+# <,2∀8+%# ΞΑΒΒΑΨ# )%>/# )87),87)&/+# &)/#
83Γ2∀&%6(/# 2.# ,2(%&826# &2# &)/# .2∀3%&826# 2.# (∀/%&8>/# (233Ν68&8/∋# %6+# :26+26Υ∋# +8>/∀∋8&−# %6+# &2,/∀%6(/# 2.#
+8../∀/6(/# (%6#Ο/# &∀%(/+#Ο%(Ρ# %(∀2∋∋# 8&∋# )8∋&2∀−Φ# :26+26#)%∋# %6#/∋&%Ο,8∋)/+# ∀/ΓΝ&%&826#%(∀2∋∋#3%6−# (∀/%&8>/#
86+Ν∋&∀8/∋#%6+#8∋#Σ/,,#∀/Γ∀/∋/6&/+#86#86&/∀6%&826%,#∀%6Ρ867∋#2.#&)/#Σ2∀,+Υ∋#&2Γ#.%∋)826#∋()22,∋9#Ο/867#)23/#&2#
&)∀//# 2.# &)/# Σ2∀,+Υ∋# ,/%+867# .%∋)826# (2,,/7/∋Φ# 1)/# ∋&Ν+/6&# %6+# %,Ν368# 86.2∀3%6&∋# 86# 3−# ∀/∋/%∀()# ()2∋/# &2#
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∀/(/8>/# &)/8∀# (∀/%&8>/# /+Ν(%&826# 86# :26+26# %6+# 3%6−# 2.# &)/3# +/∋(∀8Ο/# &)/# (2Ν∀∋/# ,2(%&8260# 86# 26/# 2.# &)/#
Σ2∀,+Υ∋# .%∋)826#(%Γ8&%,∋0#%∋#%6# 86&/7∀%,#Γ%∀&#2.# &)/8∀# (∀/%&8>/#/+Ν(%&8269# &%,Ρ867#2.#)2Σ#:26+26# 8&∋/,.# 8∋#%# ∀8()#
∋2Ν∀(/#2.#86∋Γ8∀%&826#Ξ∗%+(,−../01)23%∋9#ΑΒΧΧΨΦ#1)8∋#&)/3/#8∋#%,∋2#/>8+/6&#86#86∋&8&Ν&826%,#,8&/∀%&Ν∀/#&)%&#∋Γ/%Ρ∋#
2.# Τ:26+26# 8&∋/,.# Ξ%∋Ψ# %#3%Π2∀# ,/%∀6867# ∀/∋2Ν∀(/Υ# /()2867# %6# 2.&0χΝ2&/+# ∋%−867# %Ο2Ν&# (∀/%&8>8&−# Ο/867# 86# &)/#
%&32∋Γ)/∀/9# %((∀/+8&/+# &2# &)/#+/∋876/∀#;2(2#;)%6/,# %6+#/6+2∀∋/+#Ο−# %#32∀/# (26&/3Γ2∀%∀−# <∀/6()# .%∋)826#
+/∋876/∀# Ζ/%6#Ε%Ν,#ι%Ν,&8/∀#Σ)/6#)/# ∋Γ/%Ρ∋#2.# &)/# 83Γ%(&#26#)8∋#+/∋876∋#2.#)8∋#/%∀,−# &∀8Γ∋# &2#ΧκΛΒΥ∋# :26+26#
Ξ∴%∀Ο8(%69#ΑΒΧΜΨΦ##
:26+26#)%∋#Ο//6#+/∋(∀8Ο/+#%∋#&)/#Τ(∀/%&8>/#(/6&∀/#2.#&)/#Σ2∀,+Υ#Ξ∴/6#[2,∋&/6)2,3/#Ο∀%6+867#7Ν∀Ν#86#







&∀%(/+# Ο%(Ρ# &2# ∴/%Ν# ∴∀Ν33/,# Σ)2∋/# 2Σ6# +%6+−# ∋&−,/# ∀/Π/(&/+# &)/# /ϑ(/∋∋/∋# 2.# ∗/7/6(−# .%∋)826∋# %6+#
/∋&%Ο,8∋)/+#:26+26#%∋#&)/#Γ∀/0/386/6&#(/6&∀/#2.#3/6Υ∋#&%8,2∀867Φ#1)/#βΝ∀2Γ/%6#;∀/%&8>8&−#Θ6+/ϑ#)87),87)&∋#&)/#
(Ν,&Ν∀%,#/6>8∀263/6&#2.#3Ν∋/Ν3∋#%6+#7%,,/∀8/∋#%∋#(/6&∀%,#&2#8&∋#3/%∋Ν∀/#2.#(∀/%&8>/#(%Γ8&%,#%(Ρ62Σ,/+7867#&)/8∀#
(26&∀8ΟΝ&826# &2# .2∋&/∀867# (∀/%&8>8&−Φ# ?62&)/∀# Ρ/−# 3/%∋Ν∀/# 86# &)/# βΝ∀2Γ/%6# ;∀/%&8>8&−# Θ6+/ϑ# &)%&# ∋ΝΓΓ2∀&∋#
:26+26Υ∋# (,%83∋# &2# (∀/%&8>/# %+>%6&%7/# 8∋# &)/#3/%∋Ν∀/# 2.# 2Γ/66/∋∋# %6+# +8>/∀∋8&−# Ξςβ?9# ΑΒΒκΨ9# %# .Ν6(&826# 2.#
(∀/%&8>8&−#%,∋2#)87),87)&/+#86#&)/#,8&/∀%&Ν∀/#26#7/27∀%Γ)8/∋#2.#(∀/%&8>8&−#Ο−#;∋8Ρ∋_/6&38)%,−8#ΞΧκκκΨ#%6+#<,2∀8+%#
ΞΑΒΒΑΨΦ# Θ6# 3−# ∀/∋/%∀()9# &/%()/∀# 86.2∀3%6&∋# ∋Γ2Ρ/# Γ2∋8&8>/,−# %Ο2Ν&# )/&/∀27/62Ν∋# ∋&Ν+/6&# (2)2∀&∋Η# ο!8>/∀∋/#
7∀2ΝΓ∋#3/%6∋#&)%&#,8./#8∋#∗4∃∗#(#86&/∀/∋&8679#∗4∃∗#(#/ϑ(8&867µ#Ξ∗%+(,−../01)23%∋9#ΑΒΧΧ9#ΓΦ#κΚΨΦ##
?3267∋&# %6# 2>/∀Σ)/,3867,−# Γ2∋8&8>/# /6+2∀∋/3/6&# 2.# &)/# /ϑΓ2∋Ν∀/# &2# 2&)/∀# (Ν,&Ν∀/∋# %6+# &)/#
86∋Γ8∀%&826#&)%&#,8>867#%6+#∋&Ν+−867#86#%#+8>/∀∋/#/6>8∀263/6&#Γ∀2>8+/∋#.2∀#(∀/%&8>/#Σ2∀Ρ9#3−#∀/∋/%∀()#∀/>/%,/+#
∋23/#%3Ο87Ν8&−#%Ο2Ν&#&)/#/../(&∋#2.#∋&Ν+−867#86#%#)2∋&#(Ν,&Ν∀/#&)%&#8∋#∋2#+8../∀/6&#&2#26/Υ∋#)23/#(Ν,&Ν∀/φ#∋23/#
86&/∀6%&826%,# ∋&Ν+/6&∋# Ο/,8/>867# &)%&#Ο−# (23867# &2# ∋&Ν+−# 86# :26+269# &)/−#3%−#%Ο%6+26# &)/8∀# )23/# (Ν,&Ν∀/∋Υ#
%/∋&)/&8(#%6+#%+2Γ&#%#[/∋&/∀6#%/∋&)/&8(#86∋&/%+Η#οΘ#&)86Ρ#32∋&#Γ/2Γ,/#Σ)2#Σ%6&#&2#(23/#&2#βΝ∀2Γ/#&)/−#Σ8,,#
&∀−# &2# Ο/# %# βΝ∀2Γ/%6Φµ# ⊥2Σ/>/∀# 3−# ∀/∋/%∀()# %,∋2# ∀/>/%,/+# &)%&# ∋&%Ρ/)2,+/∀∋# /6+2∀∋/# &)/# Ο/6/.8&∋# 2.# %#
3Ν,&8(Ν,&Ν∀%,# /6>8∀263/6&9# −/&# Σ)8,∋&# &/%()/∀∋# %6+# ∋&Ν+/6&∋# ΞΟ2&)# =ς# %6+# 86&/∀6%&826%,Ψ# ∀/(2768∋/# (Ν,&Ν∀%,#
86.,Ν/6(/∋#86#86&/∀6%&826%,#∋&Ν+/6&∋Υ#Σ2∀ΡΗ#οΣ)/6#Θ#72#Ο%(Ρ#&2#⊥267#ς267#Θ#Σ8,,#&∀−#&2#7/&#∋23/#86∋Γ8∀%&826#.∀23#
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&)/∀/9# Σ)8()# 8∋# χΝ8&/# +8../∀/6&# .∀23# 2&)/∀# (2Ν6&∀8/∋9µ# =ς# ∋&Ν+/6&∋# %6+# &/%()/∀∋# 2.&/6# .%8,# &2# ∀/(2768∋/# 2∀#
%(Ρ62Σ,/+7/#&)%&#&)/8∀#2Σ6#Γ∀%(&8(/∋#%6+#Σ2∀Ρ#%∀/#%,∋2#(Ν,&Ν∀%,#(26∋&∀Ν(&826∋#Ξ∗%+(,−../01)23%∋9#ΑΒΧΧΨΦ##
∀#∗&.&/#/&()!<+∋∃∃,∗−./−+#.!<+0#/&10!Ι5−∗#/&∋(!!
Τ1)/∀/# %∀/# 8∋∋Ν/∋# %∀2Ν6+# Σ)/&)/∀# ∋&Ν+/6&∋# (23867# .∀23# %6# 86&/∀6%&826%,# Ο%(Ρ7∀2Ν6+# )%>/# Ο//6#
6&∀6∗&∀∋. .2∀#⊥87)/∀# β+Ν(%&826# 86# &)/# ∋%3/#Σ%−# %∋#⊥23/# ∋&Ν+/6&∋# 2∀# β=# ∋&Ν+/6&∋λ#%6+#Σ)%&# &)/8∀#
/ϑΓ/(&%&826∋#2.#%#(∀/%&8>/#/+Ν(%&826#%∀/λΥ##
1)8∋# χΝ2&/# .∀23# %# =ΦςΦ# ⊥87)/∀# β+Ν(%&826#5%6%7/∀# ∀/>/%,∋# %# .Ν6+%3/6&%,# Γ%∀%+2ϑ# %&# &)/# (/6&∀/# 2.#
(26&/3Γ2∀%∀−#(∀/%&8>/#/+Ν(%&826Η#%∀/#+8>/∀∋/#(Ν,&Ν∀%,#Ν6+/∀∋&%6+867∋#2.#(∀/%&8>8&−#∀/.,/(&/+#86#&)/#(Ν∀∀8(Ν,Ν3#
%6+# Γ∀%(&8(/# 2.# )87)/∀# /+Ν(%&826# 86∋&8&Ν&826∋9# /∋Γ/(8%,,−# &)2∋/# 86# ∀/(/8Γ&# 2.# )87)# 6Ν3Ο/∀∋# 2.# 86&/∀6%&826%,#





Θ6# %# ∋&%&/3/6&# &)%&#3%6−# (∀/%&8>8&−# ∀/∋/%∀()/∀∋#3%−# (26(Ν∀#Σ8&)9# Ζ%(Ρ∋26#%6+#486(,%8∀#2Ο∋/∀>/# &)%&#
Τ26/#2.#&)/#Γ∀2Ο,/3∋#2.#(∀/%&8>8&−#8∋#&)%&#8&#8∋#+8..8(Ν,&#&2#Ν6+/∀∋&%6+#%6+#/ϑΓ,%86Υ#ΞΑΒΒεΗΧΧκΨΦ#∴%6%Π89#∴Ν∀6∋9#%6+#
∴Ν(Ρ867)%3Υ∋# ΞΑΒΒεΨ#Σ2∀Ρ# 8,,Ν∋&∀%&/∋#)2Σ#(∀/%&8>8&−# ∀/∋8∋&∋#%6−#(26∋/6∋Ν%,#+/.868&826#/>/6# 86#26/#(Ν,&Ν∀/9# ,/&#
%,26/# (∀2∋∋0(Ν,&Ν∀%,,−Φ# 1∀%+8&826%,# (∀2∋∋0(Ν,&Ν∀%,# (∀/%&8>8&−# ∀/∋/%∀()# )%∋# Γ∀/∋/6&/+# %# +8()2&232Ν∋# >8/Σ# 2.#
[/∋&/∀6#%6+#;⊥;#Γ∀2Γ/6∋8&−#&2#(∀/%&8>8&−#Ξι%∀+6/∀9#Χκακ%Ψ#%∋#Σ)/6#(∀/%&8>8&−#8∋#+/.86/+#%∋#∋−626−32Ν∋#Σ8&)#
86+8>8+Ν%,8&−9# ∀Ν,/0Ο∀/%Ρ867# %6+# 2∀8786%,8&−9# (∀2∋∋0(Ν,&Ν∀%,# (23Γ%∀8∋26∋# .%>2Ν∀# [/∋&/∀6# 86+8>8+Ν%,8∋&# ∋2(8/&8/∋#
2>/∀# ;⊥;# (2,,/(&8>/# ∋2(8/&8/∋# Ξ∃79# ΑΒΒΧφ# ∃8Ν# δ# 4&/∀6Ο/∀79# ΑΒΒΑφ# ∗%+(,−../01)23%∋9# ΑΒΧΧφ# ∗Ν+2Σ8(_9# ΑΒΒΜΨΦ##
[/∋&/∀6#86+8>8+Ν%,8∋&#(Ν,&Ν∀/∋#&/6+#&2#.2(Ν∋#26#&)/#86+8>8+Ν%,#%6+#&)/8∀#86&/∀6%,#Γ∀2(/∋∋/∋9#%6+#&)8∋#/3Γ)%∋8∋#8∋#
%,∋2# />8+/6&# 86# +/.868&826∋# 2.# (∀/%&8>8&−# Σ)/∀/86# &)/# /ϑΓ,2∀%&826# 2.# &)/# (∀/%&2∀Υ∋# 8+/6&8&−# 8∋# 2.&/6# >8/Σ/+# %∋#
(/6&∀%,# &2# (∀/%&8>/#Σ2∀ΡΦ# Θ6# &)/#[/∋&9# &/%()/∀∋# ∋&∀8>/# &2# (∀/%&/# ∋&Ν+/6&0(/6&∀/+# (,%∋∋∀223# /6>8∀263/6&∋# 86#
Σ)8()#∋&Ν+/6&∋#%∀/#/6(2Ν∀%7/+#&2#&%Ρ/#2Σ6/∀∋)8Γ#2.#&)/8∀#Σ2∀Ρ9#&2#/ϑΓ/∀83/6&9#&2#Γ/∀∋26%,8∋/#&)/8∀#Σ2∀Ρ#%6+#
Σ)/∀/# &/%()/∀∋#%(&# %∋# .%(8,8&%&2∀∋# ∀%&)/∀# &)%6# 86∋&∀Ν(&2∀∋# Ξ!86//6#δ#;2,,86∋9# ΑΒΒ∆ΨΦ# 1)8∋# %ΓΓ∀2%()#6/(/∋∋%∀8,−#
86>2,>/∋# ,/>/,∋# 2.# %3Ο87Ν8&−# %∋# Γ%∀&# 2.# &)/# (∀/%&8>/# Γ∀2(/∋∋9# %3Ο87Ν8&−# Σ)8()# 8∋# 62&# Ν∋Ν%,,−# %ΓΓ∀/(8%&/+# Ο−#
∋&Ν+/6&∋9# /∋Γ/(8%,,−# Σ)/6# &)/−# ∀/(/8>/# +8../∀/6&0# 2.&/6# (26.,8(&8670# %+>8(/# .∀23# &Ν&2∀∋# 26# &)/# ∋%3/# (2Ν∀∋/Φ#
∃/8&)/∀#8∋#%3Ο87Ν8&−#Ν68>/∀∋%,,−#∀/(2768∋/+#%∋#%#Γ/+%7278(#∋&∀%&/7−#.2∀#(∀/%&8>/#%∀&∋Η#%+38&&/+,−#∋23/#&83/#%72#
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∋&Ν+/6&∋# (23867# &2# ∋&Ν+−# 86# :26+26# +/∋(∀8Ο/# &)/8∀# ∋)2(Ρ# %&# %# ∋−∋&/3# &)%&# /6(2Ν∀%7/∋# %6+# ∀/,8/∋# ΝΓ26#




%6+# &)/# /∋&%Ο,8∋)/+# Γ∀27∀/∋∋826# ∀2Ν&/# 8∋# &2# Ν6+/∀7∀%+Ν%&/# ∋&Ν+−# >8%# %# 26/0−/%∀# +8%762∋&8(# %∀&# %6+# +/∋876#
.2Ν6+%&826#(2Ν∀∋/#+Ν∀867#Σ)8()#∋&Ν+/6&∋#+/>/,2Γ#&)/8∀# 86+8>8+Ν%,#Γ2∀&.2,82∋#Σ8&)86#%#(∀/%&8>/#∋Γ/(8%,8∋3Φ#1)/#
(∀8&#8∋#%#.Ν6+%3/6&%,#Γ%∀&#2.#&)8∋#(∀/%&8>/#/+Ν(%&826#%6+#∋&Ν+/6&∋#%∀/#/ϑΓ/(&/+#&2#∋Γ/%Ρ#.,Ν/6&,−#%6+#Γ/∀∋26%,,−#
%Ο2Ν&# &)/8∀# 2Σ6# %6+# 2&)/∀∋Υ# (∀/%&8>/# Γ∀2(/∋∋# %6+# 2Ν&(23/∋# Ξ42>8(9# ΑΒΒα%ΨΦ# 1)8∋# ο/6/∀78_867# %6+#
&∀%6∋.2∀3%&8>/µ# Ξ!86//69# ΑΒΒε9# ΓΦ# ΧΧΛΨ# %ΓΓ∀2%()# &2# (∀/%&8>/# /+Ν(%&826# 8∋# 3%∀Ρ/&/+# Σ2∀,+Σ8+/# %6+# &)/# =ς#





+8∋∋838,%∀# &2# &)/8∀#Ο%(Ρ7∀2Ν6+#26/#ΟΝ&#%,∋2# .2∀#)87)/∀#/+Ν(%&826# 86∋&8&Ν&826∋#%&&/3Γ&867# &2#+/,8>/∀#%#(∀/%&8>/#
/+Ν(%&826# 86# %# 3Ν,&8(Ν,&Ν∀%,# (26&/ϑ&Φ# 1)/# Ο∀867867# &27/&)/∀# 2.# +8>/∀∋/# (Ν,&Ν∀/∋# 86# &)/# (,%∋∋∀223# Γ∀/∋/6&∋# %#
Σ/%,&)# 2.# 2ΓΓ2∀&Ν68&8/∋# .2∀# /+Ν(%&2∀∋# &2# /ϑΓ,2∀/# &)/# )/&/∀27/6/8&−# 2.# %ΓΓ∀2%()/∋# &2# %∀&9# +/∋876# %6+#
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